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State of the art Methodology
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Dark-energy EoS: effect of DE-DM coupling
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'Results

The dynamical-dark-energy preference is reproduced: wowaCDM yields w, = -0.87 + 0.05 and wa

Fluid models

In the standard model, each cosmic fluid, radiation, baryons, cold dark matter (CDM), and = -0.50 + 0.22, departing from ACDM with wa deviating at ~20, consistent with DESI DR2. The
dark energy (DE), conserves its energy density independently as the Universe expands. coupling is mild and parameterization-dependent. £ is consistent with zero under CPL (€ = 0.004
Interacting dark-sector models relax this: CDM and DE are allowed to exchange energy + 0.003) but sharpens to ~2.4c for constant w (§ = 0.007 + 0.003), reflecting a wa-§ degeneracy.
through an interaction kernel Q, while their combined density stays conserved. The Critically, all models return H, = 68, none reaching the local value: neither dynamical dark
continuity equations become energy nor the viable coupling resolves the Hubble tension under sound-horizon calibration.
We further find that only the dark-energy-proportional coupling is stable at background level;

p_dm +3Hp_dm =Q (1) both p_dm-scaled forms develop an early-time instability (p_de driven negative at high z) and

are deferred to a full perturbation-level treatment.
p_de +3H(1+w)p_de =-Q (2)

so Q sets the direction and rate of energy flow between the two sectors. Phenomenological Futu re Ste pS

models choose Q from physical reasoning and fit it to data, rather than deriving it from a
specific particle or field, a flexible, model-independent way to test whether the dark sector

A full Boltzmann (perturbation-level) treatment with CLASS or CAMB is the planned next step.
deviates from ACDM.[1]

This enables the complete Planck likelihood rather than compressed priors, allowing the four
deferred models to be assessed at perturbation level, and unlocks growth-of-structure
observables that extends the analysis to the Sg tension. Runs like that require
high-performance computing (Clusters) for the expanded parameter space.
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